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(57) Abstract 

A liquid crystal display (LCD) projection system (50) including a 
projection panel (52), a light source (56), and a reflector (58). The projection 
panel includes an LCD (60) and a polarizer (64) on one side of the LCD 
and a reflective polarizer (62) on the other side. The reflective polarizer is a 
multilayer stack of pairs (44) of adjacent material layers (41, 43). Each of the 
layer pairs exhibits a refractive index difference between the adjacent layers nu 
a first direction in the plane of the reflective polarizer and exhibits essentially 
no refractive index difference between adjacent layers in a second direction 
in the plane of the reflective polarizer and orthogonal to the first direction. A 
quater-wave plate (66) is secured to the reflective polarizer. Light rays from 
the light source either pass through the reflective polarizer and on to the LCD, 
or are reflected back toward the light source, depending on their polarization. 
Light which is reflected by the reflective polarizer is reflected by the reflector 
back toward the LCD again. The use of the quater-wave plate and the reflector 
help to recycle what would typically be regarded as wasted light, while at the 
same time reducing heat build-up within the LCD. 
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We claim: 

1 A liquid crystal display projection system ( 1 0), comprising: 
a orotecuon panel (I2) ; c ompris ing: 
5 a iiauid crystal display (20); and 

a nair of dichroic polarizes (22. 24), wherein one polarizer is 
provided adiacent each side of the display; 
a iight source (16^ for directing light toward the panel and 
a reticence prepoiarizer (26) comprising a multilayer optical film (36) 
10 orovided between the light source and the dichroic polarizer 

racing the light source, the film comprising a muhiiayered stack 
or oairs (44) of adiacent material layers, each of the iayer pairs 
axnibiring a refractive index difference between the adjacent 
layers f4L 43) in a first direction in the plane of the reflective 
■ 5 nrepoiarizer and exhibiting essentially no retractive index 

difference between adiacent layers in a second direction in the 
plane of the reflective prepoiarizer and orthogonal to the first 
direction. 

0 -2. Tne system of claim 1 ? wherein the film comprises a plurality of 

alternating layers of semj-crystalime naphthalene dicarboxylic acid polyesters and 

anoiner ooiymer. 

2 . The system of claim 1, further comprising: 
: t a auaner-wave plate (28) provided between the light source and the 

reflective prepolarizen and 
a reflector (18^ provided on the side of the light source opposite the 

uanei. 



0 - The svstem of claim i. further comprising a reflective polarizer provided 

between the liauid crystal display and the dichroic polarizer on the side 1 of the liquid 
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crystal display opposite the light source, the reflective polarizer comprising a multilayer 
optical film (36) comprising a muhiiayered stack of pairs (44) of adjacent material layers, 
each of the layer pairs exhibiting a refractive index difference between the adjacent 
layers (41, 43) in a first direction in the plane of the reflective polarizer and exhibiting 
5 essentially no refractive index difference between adjacent layers in a second direction in 
the plane of the reflective polarizer and orthogonal to the first direction. 

A liquid crystal display projection system (50). comprising 
a pmj&MQnpand (52), comprising: 
^ liquid crystal display (60); 

a first polarizer (64) provided on one side of the display; and 
3 second polarizer (62), which is a reflective polarizer, provided 
on the other side of the display, wherein the second 
polarizer comprises a multilayer optica! film (36) 
comprising a muhiiayered stack of pairs (44) of adjacent 
material layers, each of the layer pairs exhibiting a 
mfradtive index difference between the adjacent layers 
?S'K 43) in a first direction in the plane of the refl^fee 
polarizer and exhibiting essentially no refractive index 
#isfe£?ic£ between adjacent layers in a second dfe£dB©0 
m pimm of the reflective polarizer and orthogdi^Mo 
the im direction; and 
ariMlt scMiioce<56>^r4irectii^ light toward the second po|#i2$E 

25 6 The system of dairn 5, further comprising a th.. J polarizer, t#*i^fs^ 

reflective polarizer* provided between the first polarizer and the liquid crystal 
the third polarizer comprising a *nultilayete$ stack of pairs (44) of adjacent i&ateria£ 
iayers, each of die layer pairs exhibiting* a refractive index <iifference b€$&&& the 
adjacent layers (41, 43) in $ first direction in the plane of the third poterizer aftd 

30 exhibiting essentially no re£r^iv^%d^ difference between ad^ 

direction in the plane of the third polarizer and orthogonal to tike first direction. 

■ -17- 



10 



15 



WO 97/01 780 PCT/US96/07080 



7. The system of claim 5, wherein the first polarizer is a reflective polari^ 
comprising a mukiiayered stack of pairs (44) of adjacent material layers, each of the 
layer pairs exhibiting a refractive mdex difference between the adjacent layers (41, 43) in 
5 a first direction in the plane of the first polarizer and exhibiting essentially no refractive 
index difference ^betweerK sdiacent layers in a second direction in the plane of the first 
ooiarizer and orthogonal to the first direction. 

S. The sy&gflft^ claim 7. farther comprising: 
i 0 <s ^9fi^™wave plate (66) provided between the light source and the 

second polarizer and 
a reflector (58) provided on the side of the light source opposite the 

| panel. 

I 

| 15 9. A Hquid crystal panel comprising: 



i 



a liquid crystal display (60). 

a first polarizer (64)~«ecured to one side of the display; 
a second polarizer (62), which is a reflective polarizer, secured to the 
other side of the display, wherein the second polarizer comprises 
20 a multilayer optical film (36) comprising a multiiayered stack of 

$*asr$ (44V ^of adjacent material layers, each of the layer pairs 
exhibiting a refractive index difference between the adjacent 
layers (41. 43) in a first direction in the plane of the reflective 
^ ooianzer ami exhibiting essentially no refractive index difference 

25 between adjacent layers in a second direction in the plane of the 

reflective polarizer and orthogonal to the first direction; and 
a quarter-wave plate (66) secured to the second polarizer. 

10 Air overhead projector ( 132), comprising, in order: 
30 4 a projection lamp (122); 

a converging lens (124); 
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a quarter-wave plate (126) secured to theconvagin^iens; and 
a refecting polarizer (128) secured to the quarter-wave plate, the 
reflecting polarizer comprising a multilayer optical film (36) 
comprising a muhilayered stack of pairs (44) of adjacent 
niateriai layers, each of the layer pairs exhibiting a refractive 
index difference between the adjacent layers (41, 43) in a first 
airection in the plane of the reflective polarizer and exhibiting 
essentially no refiacrive index difference between adjacent layers 
m a second direction in the plane of the reflective polarizer and 
orthogonal to the first direction, 

A liquid crystal display prqiecnon system ( 1 40). comprising in order: 
an overhead projector (142); 

an adapter panei (150) provided on the projector, the adapter panel 
comonsmg a quarter-wave plate (1 44) and a reflecting polarizer 
(146), the reflecting polarizer comprising a multilayer optical 
Sim (36) comprising a multiiayered stack of pairs (44) of 
adjacent material layers, each of the layer pairs exhibiting a 
refractive index difference between the adjacent layers (41, 43) 
in a first direction in the plane of the reflective polarizer and 
exhibiting essentially no refractive index difference between 
adiacent layers in a second direction in the plane of the reflective 
polarizer and orthogonal to the first direction: and 

a liquid crystal display projection panel (148) provided on the adapter 
nanei, the projection panel comprising a liquid crystal display 
and a pair of dichroic polarizers provided on opposite sides of 
the display. 



-19- 



